bstract. Land-use change and its associated activities have been strongly linked to the decline of many bat species populations globHipposideridae), eight genera, and eight species of bats. Three species are endemic to the Philippines namely Haplonycteris fischeri, Ptenochirus jagori, Megaerops etmorei. Pteropodid Cynopterus brachyotis were found to be the most dominant and tolerant species in the area compared to all species combined. In addition, a significant decrease in bat activity was noted during active blasting period, as evidenced by a low capture rate compared to non-blasting period. This preliminary finding suggests the need for further exploration of how human-induced noise increase the effects of the land-use change to bat diversity and population.
ntro uction
Among keystone species, bats are a best natural candidate for studies on the effects of habitat alterations and landbecause to their high diversity, wide range of distribution, and flight capability to explore various ecosystems (Berwere considered as good indicators of habitat disturbance (Medellín et al., 2000) in many natural and human-modiIn tropical ecosystems, bats play a critical role and when displaced the entire structure and function of the ecosystem is likely to alter affecting other ecosystem probats have developed different foraging strategies and exploit a wide dietary breadth. Almost a third of the world's bats feed on the fruit or nectar of plants (McNab, 1971) . In return for nutrition, these bats are vital pollinators for many high valued tropical plants species (Cox et al., 1992) , and additionally essential seed dispersers with major roles --fluenced by bats that eat fruit, nectar or pollen that helps in pollination and seed rain dispersal that aids in forest et al., 2003) .
Insectivorous bats (i.e. Hipposideridae, Mollosidae, of nocturnal insects in many agricultural lands (Whitak-et al., 2014) . These bat groups are important to the ecosystem for their potential to act as biological pest control agents in farmlands, where they can consume insects up to 30%-100% of their body weight (Leelapaibul et al., 2005) . The consumption of pest insects by bats also contributes to the reduction of insecticides used in farm crops leading et al., 2011) . A substantial component of the tropical bat fauna is highly dependent on intact stands of forest for foraging and many bat populations worldwide are threatened by habitat loss intensified by diverse anthropogenic activities (Hutson et al., 2001) . In Southeast Asia alone, deforestation occurs as much as 74% in the forested area in the region and Miettinen et al., 2011) . Additionally, there is a projected significant decrease in species richness of Southeast Asian bats in many regions as a result of changing land-use and climate in the future (Hughes et al., 2012) .
The Philippines is one of the diverse countries for bat fauna with 78 species distributed throughout the archipel--forestation rate caused by different land-use change activities (i.e. agriculture and mining) over the country threatens many forest dependent taxa especially bats. Hence, the present study provides information on the diversity, conservation status and endemicity of bats in a small-scale mining this study will serve as a baseline information for effective conservation management for future developments in areas for mining and other land-use change.
Materials an metho s

escription o the stu site
The study was conducted in the periphery of a small-scale -o 26' 48.1''N, 124 o -ated in the southwestern region of Mindanao Island. The mining site is a privately owned by international firms and following a tunnel type mining. We sampled bats more than a kilometer to the North of the mining area (6 o 26' 24.8''N, 124 o 34' 41.41''E) within an elevation of 450-600 masl. The nets are generally placed in area dominated by grass species such as cogon (Imperata cylindrica), bamboos with presence of Ficus species and some fruit trees, were also observed such as Jackfruit (Artocarphus heterophyllus), Aratilis (Muntingia calabura), Durian (Durio sp.), Lanzones (Lansium domesticum) and Rambutan (Nephelium lappaceum). Cash crops such as corn (Zea maize), rubber (Hevea brasiliensis) and oil palm (Elaeis guineensis) are generally cultivated by locals for food and trade.
Bat sampling an collection
We divided our sampling into two periods, the first sampling was conducted during active mine blasting activity and the second sampling was conducted 15 days after, during non-blasting activity. Blasting activity usually started at 10:00 in the morning up to late in the afternoon using mine-grade dynamites. Bats were captured using standardsized monofilament mist nets (12 x 5 m and 10 x 5 m) installed strategically in their flight path such as near fruit trees, cluttered area, open spaces, cliffs, and near water sources roughly 2-3 kilometers from the blasting area. Nets were regularly checked between 17:00 and 23:00 at least every 2 hours interval to prevent stress in trapped bats. These were left opened overnight and checked before 6:00 in the morning.
Captured bats were identified using the taxonomic guide by Ingle and Heaney (1992) , updated keys, and photographic guides. Necessary morphometrics such as the total body length, snout-vent length, forearm length, tail length, ear length and hind foot length and other morphological characteristics were noted such as the presence of a tail, markings, tragus/antitragus, nose structures, and interfemoral structure. All captured bats were photographed, marked and released in the sampling site accordingly.
ata anal sis an species i ersit
The relative abundance of bat species (%) in two sampling periods was calculated using the equation N x /n (where: N x is total number of the individuals of x-th n is the total number of all species (s)). An independent student t-test was used (Statistica 12 statistical software) to compare and determine the significance of the change in bats abundance between two sampling periods. The magnitude of a disturbance from noise (mine blast) or vibration was not it was determined indirectly based on capture rate during the two sampling periods as the response of bats to the activity. The conservation status and endemicity of the species were assessed using the latest database from the International Union for the Conservation of Nature Redlist version 3.1 (IUCN, 2015) .
Results an iscussion
Species richness composition
an conser ation status individuals representing two families, eight genera, and eight species were identified from the study site ( Heaney et al. (1998) documented P. jagori as a tree and cave roosting species which occurs from sea level to at least 1,950 masl. It is abundant in primary forest and common in the secondary forest but occasionally present in agricultural areas near the forest. This species also has been reported in degraded habitats of Cebu and Negros. Similarly, H. fischeri is one of the most common endemic fruit bats in primary forest, especially at middle elevations. This species is often moderately common in secondary forest and is also present in mixed agricultural habitats and secondgrowth forest (Heaney et al., 1998) . On the other hand, M. etmorei is known only from primary and lightly disturbed lowland forest from 800 to 1,200 masl. This species is probably absent from montane and mossy forest this species is also recorded roosting from caves (Tanalgo Only a single individual of insect bat, Hipposideros ater was captured in the area during the first sampling period. This species according to Heaney et al. (2010) , is rarely found in agricultural areas close to the forest but has been recorded from lowland and montane primary to the secondary forest in Southeast Asia including the Phil-ippines. Individuals of this species were also recorded 2015). In contrary to H. ater, Cynopterus brachyotis was the most abundant and common species accounted from -parative relative abundance of bats after the two sampling period. The sum of C. brachyotis captured in two sampling periods totaled 191 individuals, comprising the 84.1% of the total capture of the whole sampling duration. Several studies showed that this fruit bat species is common in almost all habitats throughout Southeast Asia including the They are observed to be abundant in agricultural areas and common in the secondary forest but are usually uncommon or absent in primary forest (Campbell et al., 2006, Bum- known as one of the most abundant bats in disturbed lowland habitats, including residential, agricultural, and urban
The low elevation of the study site may have contributed to the abundance of fruit bats observed. Heaney and Utzurrum (1991) documented that bat activity and abundance is highest in lowlands and decreases with increasing elevation. Also, the presence of several fruit trees (i.e. Muntingia sp.) in the area may have also contributed to the abundance of this pteropodid groups. According to Reis et al. (2000) vegetal diversity, structure, the size of forest remnants, and quality of the area influence the distribution and abundance of bats. In addition, the abundance of fruit bats could be due to their flight performance, which shows tolerance to degraded and open areas. Most of the species especially C. brachyotis are known to cross open areas with less to no obstacles (Tanalgo et al., 2011) , an area similar to the study site. Law et al. (1999) and Schulze et al. (2000) emphasized that bats tolerance to habitat loss and fragmentation are attributed to their ability to traverse open areas to reach other forest fragments or other vegetation types and to use resources within the matrix.
On the other hand, the low count of insectivorous bats may be attributed to their ability to evade mist nets usability except for Rousettus A study conducted by Dai et al. (2001) in the boreal broadleaved forest in Japan revealed that the use of harp traps improves the efficiency of the capture rate of bats especially echolocating species compared to the use of mistnets in sampling. Conversely, a low diversity of bats was recorded in the area. This result may have been affected by the on-going forest destruction due to mining.
In terms of conservation status, seven species are of Least Concern and single species, Megaerops etmorei of its population which may even continue in the future (Rosell-Ambal et al., 2008 in IUCN, 2015 (Table 1) . The decline is estimated to be more than 30% over the three generations, inferred from habitat destruction and degradation (Rosell-Ambal, l.c.) . M. etmorei is a poorly known bat species whose distribution is restricted in Mindanao faunal region in the Philippines and in some part of Borneo (Heaney et al., 1998 , Heaney et al., 2010 . In Mindanao Island, Gomez et al. (2005) Although most of the species assessed are of Least Concern, impending habitat modifications in the area due to mining have the potential to cause declines in species of conservation significance. This consequence will further the study of Quesada et al. (2003) demonstrated the negative effect of habitat disruption to bat-plant mutualism in the dry forest ecosystem. As observed, greater visitation rate and a greater number of pollen grains deposited on flowers from trees in undisturbed forest resulted in a significantly greater fruit set for trees in the area. Apart from habitat destruction, Whitmore (1997) added that habitat fragmentation caused by different human activities such as mining is one the primary proximate causes of present day species extinction.
Mining-in uce noise an bat acti it
Globally, bat populations are imperiled by various threats which include habitat alteration. Habitat destruction is considered as the most important driver of species ex--ics, habitat loss and forest fragmentation are two of the main costs of extreme anthropogenic pressures, this inare two sampling periods carried out in the mining site. The first sampling was during the active dynamite blasting is present, the blasting lasted for 11 hours between 7 am and 6 pm in a day. The second sampling is without dynamite blasting in the mining area. The gap between two sampling periods was 15 days only to reduce pronounced changes in the habitat. We noted that there is a low capture rate of bats in terms of the number of individuals during the first sampling period when mine blast--nificant difference in the number of individuals during blasting (M=15.75, SD=3.8) and non-blasting (M=43.75, SD= t (6) =-2.96, p=0.025. These findings suggest that noise from produced during blasting period have an effect on the activity of bats.
These findings are supported by looking into the abundance of a dominant species, Cynopterus brachyotis, which have a noticeable increase in abundance during the secInterestingly, most of the published reports on the effect of human-induced noise to bats have mainly dealt with echolocating species (i.e. Myotis myotis, Tadarida brasiliensis) 2015) and none has reported about non-echolocating species such as C. brachyotis. These preliminary findings suggest a hypothesis that commonly occurring bats species can blasting in the study area be a useful tool as an indicator species to detect effects of land-use and induced noise especially in heavily impacted areas such as mining areas. related impacts appear to involve behavioral responses in a species. These responses include changes in temporal patterns, changes in spatial distributions or movements, decreases in foraging or provisioning efficiency coupled with increased vigilance and anti-predator behavior, and changes in mate attraction and territorial defense. In this study, behavioral response of bats to mining blast was only based on their foraging activity as determined by the capture rate. Schaub et al. (2008) mentioned that bats have the unique acoustic capacity that enables them to traverse in different habitats without clearly seeing. However, ambient noise influences the availability and use of this acoustic information in animals in many ways. Additionally, they also observed that foraging areas very close to highways and other intense noise sources have an effect on the physiological activities of bats. In echolocating bats, the intensive sound could possibly affect their capacity to echolocate which in turn affects foraging. Jones (2008) presumed that high levels of noise masks acoustic signals, potentially making it more difficult for animals to defend territories, attract mates or attend to other important communication signals such as begging, alarm or distress calls. In bats, it was clearly demonstrated that based on experiments that anthropogenic noise can affect their foraging activities and predatory capacity (Siemers
Conclusion
The research was the first to document bat species and activity in a mining area in the Southern Mindanao region, Philippines. In general, despite the presence of forest dependent and endemic species in the area we found low species diversity of bats in the adjacent area of the small-scale mining site. A commonly occurring species, Cynopterus brachyotis was found to be the most dominant -ings and observation from the field survey draw another hypothesis that bats in mining areas are not solely affected by land-use change but may also affect by extreme noise produced in mining sites.
It is therefore recommended that long-term studies on bat population in mining areas be conducted to assess other impacts of mining that could be utilized as a framework for conservation to attain sustainable mining in the country. Comparing non-echolocating and echolocating species and using harp traps and sonar detectors in sampling is also recommended to document more species that possibly were undocumented. 
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